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BACKGROUND OF THE INVENTION 

The present invention relates to an optical 
probe to produce or to detect near-field light for use 
with a near-field optical microscope or a near-field 
5 optical recording/reproducing device. 

An optical microscope employs a lens to 
collect or to condense light- In this system, 
resolution is restricted by a wavelength of the light. 
In contrast with this optical microscope, a near-field 

10 optical microscope uses a near-field optical probe 
which produces optical near-field location in the 
vicinity of the probe in place of the lens. The near- 
field optical probe is placed in the neighborhood of a 
sample to scan a surface of the sample. It is 

15 resultantly possible to measure a contour and optical 
characteristics of the sample with resolution 
determined by the size or dimension of the aperture. 
The near-field optical microscope has been recently 
applied to various fields such as a field of contour 

20 measurement and spectroscopic analysis of, for example, 
a sample of an organism, quantum structure of a 
semiconductor, and a macromolecular material as well as 
a field of high-density optical recording. 

As the near-field optical probe, a pointed 

25 optical fiber (optical fiber probe) having a fine 



opening of a size less than a wavelength of light has 
been usually employed. To fabricate this fiber probe, 
a tip end section of an optical fiber is extended while 
being heated. Alternatively, the tip end section is 
5 tapered to a point by chemical etching. Thereafter, 
the optical fiber other than the tip end section is 
coated with metal. By introducing light to the optical 
fiber, near-field light can be generated in the 
proximity of an aperture formed in the tip end section. 

10 However, this fiber probe is attended with a 

drawback of low light utilization efficiency. When 
light is incident to a fiber with a fiber probe of this 
kind having, for example, a diameter of 100 nm, 
intensity of light emitted from the tip end of the 

15 fiber is about 0.001% or less of that of light incident 
to the fiber. To overcome this problem, various probes 
have been proposed as follows. (1) Multi-step tapered 
fiber probe: A fiber probe having a tip end section 
which is tapered in two or three steps to a point 

20 (Applied Physics Letters, Vol. 68, No. 19, pp. 2612- 
2614, 1996 and Vol. 73, No. 15, pp. 2090-2092, 1998), 
(2) Metallic needle probe: A probe of a needle of 
STM. By emitting light to a tip end section of the 
needle, strong near-field light is produced in the 

25 vicinity of the tip end ( JP-A-6-137847 ) . (3) Fiber 
probe with small metallic particle in aperture: A 
fiber probe in which a very small metallic particle is 
disposed at a center of an aperture in a tip end 



section (JP-A-1 1-10 1809 proposed by the first inventor 
of the present invention). Light emitted from the 
aperture excites plasmon in the small metallic particle 
to produce strong near-field in the neighborhood of the 
5 small metallic particle. (4) Tetrahedral tip: A 

triangular prism of glass is coated with metal having a 
thickness of about 50 nm so that surface plasmon is 
excited on the metal film. The surface plasmon 
proceeds toward a top end or a vertex of the triangular 

10 prism to produce strong near-field light in the 

proximity of the vertex (Physical Review B, Vol. 55, 
No. 12, pp. 7977-7984, 1997). (5) Probe on glass 
substrate with metallic scatterer: A probe including a 
glass substrate and a metallic scatterer formed on a 

15 bottom surface of the glass substrate. This 

configuration generates strong near-field light in the 
proximity of the metallic scatterer ( JP-A-11-250460 ) . 

In the near-field optical microscope, it is 
necessary to set distance between the aperture to 

20 generate near-field light and a surface of a sample to 
a value ranging from several nanometers to several tens 
of nanometers. Consequently, when the probe including 
an optical fiber or a glass piece is used, a particular 
control system is required to control the distance 

2 5 between the tip end of the probe and the sample 

surface. In general, the distance is measured using 
interatomic force between the tip end of the probe and 
the sample surface, and the distance is adjusted by 



servo control using the measured value. 

However, the servo control has a limited 
servo band and hence the probe scanning speed is 
limited. Particularly, in an optical recording/reading 
5 device to operate at a high data transfer speed, the 
probe must scan a surface of a recording disk at a high 
speed. This method cannot appropriately control 
deviation of an interval of a high frequency caused by 
distortion and inclination of the disk. To solve this 

10 problem, various probes have been proposed as follows. 
(1) Flat opening probe: A probe fabricated by 
disposing an opening in a silicon substrate by 
anisotropic etching (The Pacific Conference on Lasers 
and Electro-Optics, WL2 , "Fabrication of Si planar 

15 apertured away for high speed near-field optical 

storage and readout". Since a peripheral area of the 
aperture is flat, the distance between the probe and 
the sample can be kept fixed by pushing the probe 
against the sample. (2) Probe with aperture having 

20 pad: On a bottom surface of a glass substrate, a 

projection in the form of a quadrangular prism having 
an aperture in a tip end thereof is fabricated, and a 
pad is manufactured in a periphery of the projection 
( JP-A-11-265520) . The pad keeps the distance between 

25 the probe tip end and a sample. (3) Surface emitting 
laser probe with small metallic tip: On a laser 
emitting end surface of a surface emitting laser probe, 
a small opening and a small metallic projection are 



fabricated (Applied Physics, Vol. 68, No. 12, pp. 1380- 
1383, 1999). Since the probe has a flat structure, the 
distance between the probe and a sample can be kept 
fixed by pressing the probe against the sample. The 
5 probe has a small metallic projection and a resonance 
structure, the probe expectedly operates with higher 
efficiency. 

The near-field probe requires three points 
regarding performance as follows. (1) High light 
10 utilization efficiency, (2) High scanning, and (3) 
Reduced background light in light measured by the 
probe. 

To increase the light utilization efficiency, 
various methods have been proposed as above. The fiber 

15 probe having a tip end with multiple taper angles has 
light utilization efficiency which is about ten times 
to about one hundred times that of a fiber probe 
generally used. However, this probe is not fully 
applicable to applications requiring high light 

20 utilization efficiency, for example, to the optical 
recording/reading requiring a light utilization 
efficiency of 10% or more. The probe uses an optical 
fiber and is mechanically fragile and cannot scan at a 
high speed. The metallic needle probe, the fiber probe 

25 with small metallic particle in aperture, the glass 
probe coated with metal, and the probe on glass 
substrate with metallic scatterer have increased light 
utilization efficiency by using characteristics of 
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metal, and hence a high light utilization efficiency 
can be expected. However, each of these probes has a 
tip end section with a mechanically fragile contour and 
hence is not suitable for the high-speed scanning. 
5 Particularly, in operation of the metallic needle probe 
and the probe on glass substrate with metallic 
scatterer, light which does not hit the tip end section 
or the scatterer is also incident to the sample. This 
resultantly leads to a problem of detection of much 

10 background light. 

Various probes capable of scanning at a high 
speed have been proposed as above. The flat opening 
probe and the probe with aperture having pad can 
achieve the high-speed scanning. However, these probes 

15 have low light utilization efficiency. The surface 

emitting laser probe with small metallic tip expectedly 
scans at a high speed with high light utilization 
efficiency and a low amount of background light. To 
generate strong near-field light using the small 

20 metallic projection, the contour of the small metallic 
projection must be optimized. However, description has 
not been given of the contour of the small metallic 
projection at all. Moreover, description has not been 
given of a method of manufacturing the small metallic 

25 projection. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present 



invention to provide a near-field optical probe and a 
method of manufacturing the same which satisfies three 
requirements above, that is, high light utilization 
efficiency, high-speed scanning, and little background 
5 light in light measured by the probe. Another object 
of the present invention is to improve the light 
utilization efficiency by particularly using a metallic 
scatterer having a size equal to or less than the light 
wavelength and therefore to provide an optical contour 

10 of the scatterer and a method of supplying light to the 
probe to improve the light utilization efficiency. 

According to the present invention, there is 
provided a near-field optical probe including a 
substrate, a metallic scatterer fabricated on the 

15 substrate in a contour of a circular cone, a triangle, 
or the like; and a film of a metal, a dielectric, or a 
semiconductor manufactured in a periphery of the 
scatterer, the film and the scatterer being 
substantially equal in height to each other. The 

2 0 metallic scatterer is used to generate strong near- 
field light, and the film in the periphery thereof is 
disposed to prevent destruction of the scatterer when 
the probe is placed in the proximity of a sample to 
scan the sample at a high speed. By using a light 

25 shielding material for the film and by setting the 

distance between the scatterer and the film to a value 
equal to or less than the light wavelength, the film 
functions to reduce background light. To prevent the 



destruction of the scatterer, there may be 
manufactured, in place of the fabrication of the film, 
a dip or recess in a surface of the substrate with 
depth substantially equal to height of the metallic 
5 scatterer. The metallic scatterer is formed in the 
dip. To further reduce probability of destruction of 
the scatterer, a light transmitting film may be filled 
in a gap between the scatterer and the peripheral film 
and between the scatterer and the dip fabricated on the 
10 substrate surface. 

The metallic scatterer has a contour of a 
circular cone, a polygonal pyramid, an ellipse, or a 
triangle. When the scatterer has a triangular contour, 
each of two vertices of the triangle may have a radius 
15 of curvature larger than that of the other one vertex 
of the triangle. The film of the triangle may be 
connected to that of the periphery. In this case, the 
hole or opening has, at the connecting area, a radius 
of curvature larger than those of the vertices of the 
2 0 triangle. In fabrication of the scatterer, a metallic 
film may be formed on a substrate with a tip end in a 
contour tapered to a point such as a planar ellipse or 
a planar triangle. In the vicinity of the tapered tip 
end, another metallic film is manufactured such that 
25 the distance between the tip end and the metallic film 
is equal to or less than the light wavelength. 
Particularly, it is favorable to fabricate two metallic 
films each having a tip end section with a tapered 



contour such that the distance between two tip ends of 
the metallic films is equal to or less than several 
tens of nanometers . When the scatterer is formed with 
a metallic film having a tip end section with a contour 
5 of a triangle, an ellipse, or the like; the metallic 
film may be manufactured on a side surface of the 
substrate. 

The planar or flat substrate may be replaced 
with a hemispherical substrate to minimize a spot 

10 diameter at a focal point of incident light. On the 
substrate, there may be arranged a light condensing 
device such as a holographic lens. A metallic 
scatterer may be disposed on a light emitting edge 
surface of an optical resonator or a semiconductor 

15 laser. When the scatterer includes a film in the 

contour of an ellipse or a triangle, the film of the 
ellipse or the triangle may be fabricated on a side 
surface of the substrate or an inclined surface of the 
substrate so that only one intersection between a major 

20 axis of the ellipse and the ellipse or only one vertex 
of the triangle is brought into contact with a surface 
of a sample. 

According to the present invention, there is 
provided a method of manufacturing a near-field optical 

25 probe comprising a film forming step of forming a film 
of a metal, a dielectric, a semiconductor on a 
substrate, a resist coating step of fabricating a 
resist film on a film, an exposure and development step 



of removing the resist film of an area in which a 
scatterer is to be fabricated, a film etching step of 
removing part of a film, a scatterer forming step of 
manufacturing a metallic scatterer in the area from 
which the resist has been removed, and a resist removal 
step of removing the resist film. In production of a 
scatterer in a contour of a circular cone or a 
polygonal pyramid, the area to remove the resist has a 
contour of a circle with a diameter equal to or less 
than a wavelength of light or a contour of a polygonal 
pyramid with an edge having a length equal to or less 
than a wavelength of light. In the scatterer forming 
process, metal is evaporated thereon, and the metal is 
thick enough to completely cover the hole in the 
circular or polygonal shape. In the manufacturing the 
near- field optical probe, the film forming step may be 
removed such that a substrate etching step to etch the 
substrate is used in place of the film etching step. 

To manufacture a near-field optical probe 
according to the present invention, there may be 
employed a manufacturing method including a film 
forming step of forming a film of a metal, a 
dielectric, a semiconductor on a substrate, a dip 
forming step of removing part of the film by 
photolithography or the like, a resist coating step of 
fabricating a resist film, an exposure and development 
step of removing the resist film of an area in which a 
scatterer is fabricated, a scatterer forming step of 



manufacturing a metallic scatterer in the area from 
which the resist has been removed, and a resist removal 
step of removing the resist film. 

In the manufacturing of the probe above, in 
5 place of the dip forming step of removing part of the 
film by photolithography or the like, there by be 
employed a dip forming step of directly forming a dip 
in a surface of the substrate by photolithography or 
the like. 

10 Moreover, the near-field optical probe may be 

produced in a manufacturing method including a metallic 
film forming step of forming a film of a metal on a 
substrate, a resist coating step of fabricating a 
resist film on the metallic film, an exposure and 

15 development step of removing the resist film of a 

peripheral area in which a scatterer is fabricated, a 
metallic film etching step of removing the metallic 
film from the area from which the resist has been 
removed, and a resist removal step of removing the 

20 resist film. 

The near-field optical probe may be produced 
in a near-field optical probe manufacturing method 
including a resist coating step of fabricating a resist 
film on a substrate, an exposure and development step 

25 of removing the resist film of a peripheral area in 
which a scatterer is to be fabricated, a metal 
evaporation step for fabricating a scatterer, and a 
resist removal step of removing the resist film. 
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According to the present invention , a near- 
field optical probe in which the scatterer is protected 
by an dielectric substance is produced by a 
manufacturing method including a dielectric film 
5 forming step of fabricating a scatterer and a film in a 
periphery of the scatterer and then manufacturing a 
dielectric film thereon and a dielectric film polishing 
step of polishing the dielectric film such that a tip 
end section of the scatterer exists in a surface 
10 region. 

To introduce light to the near-field optical 
probe of the present invention, the focal point of 
incident light must be at a position of the scatterer. 
For this purpose, there is employed an automatic focal 

15 point adjusting method in which part of light incident 
to the near-field optical probe is separated, the 
separated light is fed to a focal point adjusting 
pattern disposed next to a source of the near-field 
light to measure a contour of light reflected on the 

20 adjusting pattern, and the focal position is adjusted 
according to a result of the measurement. 
Particularly, in the focal point adjusting in a 
direction vertical to the substrate surface, a beam of 
light reflected from the focal point adjusting pattern 

25 is delivered to a convex lens and a cylindrical lens to 
measure distortion of a contour of a light beam 
delivered thereto. In the focal point adjusting in a 
direction parallel to the substrate surface, there is 



fabricated a focal point adjusting pattern including 
two small elongated grooves which each have width less 
than a diameter of a pertinent light spot and which 
vertically intersect each other. The incident light is 
5 divided into three beams of light. A first beam enters 
the source of near-field light and second and third 
beams enter a central area of two grooves . Patterns of 
reflection light from two grooves are measured to 
detect two bright areas respectively of the patterns. 

10 Quantity of light is compared between the bright areas. 

When the near-field optical probe of the 
present invention is applied to an optical 
recording/reading device in which disks can be changed, 
it is required to prevent dirt and damage on a surface 

15 of the disk. In the optical recording/reading device 
according to the present invention, a near-field 
optical probe is incorporated in a cartridge which 
protects the recording disk. The cartridge has a 
rotary shaft at a corner thereof. An arm is attached 

20 to the rotary shaft. The near-field optical probe is 
installed on the arm using a suspension. Coupled to 
the rotary shaft with the arm is an arm on which an 
optical head including a light source and a light 
sensor or detector is attached. The optical head moves 

25 in cooperation with the near-field optical probe. 

Light from the optical head is incident to the near- 
field optical probe via a window disposed in the 
cartridge. To couple the arm linked with the near- 
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field optical probe with the arm linked with the 
optical head, a v-shaped groove and a semi-spherical 
projection are used. When the scatterer includes a 
metallic projection in the form of a circular cone or a 
5 polygonal pyramid or a metallic film fabricated on a 
side surface of the substrate with a tip end section 
tapered to a point in the form of a triangle or an 
ellipse, a metallic film is favorably fabricated below 
a recording layer of the recording disk to improve 
10 resolution and efficiency. 

The objects and features of the present 
invention will become more apparent from the 
consideration of the following detailed description 
taken in conjunction with the accompanying drawings. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and IB are diagrams showing the 
general configuration of a near-field optical probe 
according to the present invention in which Fig. 1 is a 

20 perspective view and Fig. 2 is a cross-sectional view 
of the near-field optical probe; 

Figs. 2A to 2E are perspective views showing 
contours of a metallic scatterer of the present 
invention in which Fig. 2A shows a circular cone, Fig. 

25 2B shows a planar ellipse, Fig. 2C shows a triangle, 
Fig. 2D shows a triangle in which a first vertex has a 
radius of curvature equal to or less than those of two 
remaining verteces, and Fig. 2E shows a triangle 
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connected to a peripheral film; 

Figs. 3A and 3B are perspective views showing 
contours of a metallic scatterer of the present 
invention in which Fig. 3A shows a contour including a 
5 metallic film fabricated in the proximity of a vertex 
of a triangle and Fig. 3B shows another triangle formed 
in the vicinity of a vertex of a triangle; 

Figs. 4A to 4D are cross-sectional views 
generally showing a near-field optical probe of the 

10 present invention in which Fig. 4A shows a dip 

fabricated in place of a film in a substrate, Fig. 4B 
shows a transparent dielectric material filled in a gap 
between a scatterer and a film, Fig. 4C shows a dip 
fabricated in a substrate in a substrate and a 

15 transparent dielectric material formed in a periphery 
of a scatterer, and Fig. 4D shows a dielectric film 
fabricated without gap between a scatterer and the 
dielectric film; 

Figs. 5A and 5B are diagrams to explain 

20 distribution of intensity of near-field light emitted 
when light is incident to a triangular metallic film in 
which Fig. 5A shows a calculation method and Fig. 5B 
shows a result of calculation (a graph showing a ratio 
of intensity of the emitted light to that of the 

25 incident light); 

Figs. 6A and 6B are diagrams to explain 
distribution of intensity of near-field light emitted 
when light is incident to two opposing triangular 



metallic films in which Fig. 6A shows a calculation 
method and Fig. 6B shows a result of calculation (a 
graph showing a ratio of intensity of the emitted light 
to that of the incident light); 
5 Figs . 7A and 7B are perspective views to 

explain a method of supplying light to a triangle in 
which Fig. 7A shows a method of emitting light only to 
a tip end section of the triangle and Fig. 7B shows a 
method of emitting light to the triangle to generate a 
10 surface plasmon on a surface of the metallic film; 

Fig. 8A is a perspective view of a probe in 
which a rectangular film is fabricated on a side 
surface of the substrate; 

Fig. 8B is a perspective view of a probe in 
15 which a rectangular film is fabricated on an inclined 
side surface of the substrate; 

Figs. 9A to 9D are cross-sectional views 
showing a method of illuminating light to a near-field 
optical probe of the present invention in which Fig. 9A 
20 shows a method to condense light through a lens 

externally arranged, Fig. 9B shows a substrate in a 
semi-spherical contour, Fig. 9C shows a holographic 
lens fabricated on a substrate, and Fig. 9D shows light 
incident to the probe to satisfy a condition of total 
25 reflection. 

Fig. 10 is a cross-sectional view showing a 
metallic scatterer fabricated in an edge surface of an 
optical resonator; 
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Fig. 11 is a cross-sectional view showing a 
metallic scatterer fabricated in an edge surface of a 
semiconductor laser; 

Figs. 12A to 12F are schematic diagrams 
5 showing processes of manufacturing a near-field optical 
probe in which Fig. 12A is a film forming process , Fig. 
12B is a resist coating process, Fig .12C is an 
exposure and development process, Fig. 12D is a film 
etching process, Fig. 12E is a scatterer forming 

10 process, and Fig. 12F is a resist removal process; 

Fig. 13 is a cross-sectional view 
schematically showing a method of fabricating a 
scatterer having a contour of a circular cone or a 
polygonal pyramid; 

15 Figs. 14A to 14F are schematic diagrams 

showing processes of manufacturing a near-field optical 
probe in which Fig. 14A is a film forming process, Fig. 
14B is a dip forming process, Fig. 14C is a resist 
coating process, Fig. 14D is an exposure and 

20 development process, Fig. 14E is a scatterer forming 
process, and Fig. 14F is a resist removal process; 

Figs. 15A to 15E are schematic diagrams 
showing processes of manufacturing a near-field optical 
probe in which Fig. 15A is a metallic film forming 

25 process, Fig. 15B is a resist coating process, Fig. 15C 
is an exposure and development process, Fig. 15D is a 
metallic film etching process, and Fig. 15E is a resist 
removal process; 



Figs. 16A to 16D are schematic diagrams 
showing processes of manufacturing a near-field optical 
probe in which Fig. 16A is a resist coating process, 
Fig. 16B is an exposure and development process, Fig. 
16C is a metal coating process, and Fig. 15D is a 
resist removal process; 

Figs. 17A and 17B are schematic diagrams 
showing processes of manufacturing a probe including a 
scatterer coated with a transparent dielectric 
substance in which Fig. 17A shows a dielectric film 
forming process and Fig. 17B shows a dielectric film 
polishing process; 

Fig. 18 is a schematic diagram showing an 
automatic focal point adjusting method; 

Figs. 19A to 19D are diagrams schematically 
showing a relationship between a focal point adjusting 
mark and a light beam in the automatic focal point 
adjusting method in which Fig. 19A shows a positional 
relationship between a contour of a mark formed on a 
probe and a light beam, Fig. 19B shows a shape of a 
detector or sensor and a contour of a light beam on 
the sensor when the focal point is adjusted, Fig. 19C 
shows a contour of the light beam on the sensor when 
the light beam position is horizontally shifted with 
respect to the substrate surface of the probe, and Fig. 
19D shows a contour of the light beam on the sensor 
when the light beam position is vertically shifted with 
respect to the substrate surface of the probe; 
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Figs. 2 OA and 2 OB are perspective views 
showing a system configuration when a near-field 
optical probe of the present invention is applied to an 
optical recording/reading device in which Fig. 2 OA 
5 shows an overall configuration of the system and Fig. 
20B shows an optical system thereof; 

Figs. 21A to 21C are diagrams showing a 
configuration of an optical disk cartridge integrated 
in a near-field optical probe in which Fig. 21A shows 

10 an overall configuration in a perspective view, Fig. 
21B shows a cross-sectional view of the configuration, 
and Fig. 21C shows a v-shaped groove and a 
semispherical projection to couple an arm in the 
cartridge with an arm outside the cartridge; and 

15 Figs. 22A and 22B are cross-sectional views 

for explaining a near-field optical recording/reading 
method using an optical disk with a metallic film in 
which Fig. 22A is a cross-section for explaining 
operation when a probe includes a metallic scatterer in 

20 the contour of a circular cone and Fig. 22B is a cross- 
section for explaining operation when a probe includes 
a triangular film on a side surface of the substrate. 

DESCRIPTION OF THE EMBODIMENTS 
2 5 Description will now be given of specific 

embodiments in accordance with the present invention. 

Figs. 1A and IB show constitution of a near- 
field optical probe of the present invention including 
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a light transmitting substrate 11, a metallic scatterer 
12 having a contour shown in Figs. 2A to 2E or Figs. 3A 
and 3B, and a film 13 fabricated in a periphery of the 
scatterer 12 using a metal, a dielectric, a 
5 semiconductor, or the like. The substrate 11 is made 
of, for example, quartz. The scatterer 12 is made of, 
for example, gold or silver. The film 13 is made of, 
for example, gold, silver, titanium, or silicon. 

The scatterer 12 functions to generate strong 
10 near-field light. Light 14 collected by a lens or the 
like is incident to the substrate 11 as shown in Fig. 
IB and hits the scatterer 12. The light 14 is 
scattered by the scatterer 12 to generate near-field 
light having high spatial frequency components in the 
15 proximity of the scatterer 12. When efficiency of 

scattering of the scatterer 12 is higher, intensity of 
the near-field light becomes stronger. Therefore, 
strong near-field light is generated in the vicinity of 
a scatterer made of a metal having high scattering 
20 efficiency. 

The film 13 prevents, when the scatterer 12 
is placed at a position near a sample 15, the scatterer 
12 from colliding against a surface of the sample 15. 
Namely, destruction of the scatterer 12 is prevented. 
25 The height h2 of the film 13 must be therefore 

substantially equal to the height hi of the scatterer 
12. To prevent destruction of the scatterer 12, it may 
also be possible, without fabricating the film 13, to 



dig the substrate down to a depth of h3 substantially 
equal to the height hi of the scatterer 12 as shown in 
Fig. 4A to form a dip 21 in which a scatterer is to be 
formed. As can be seen from Figs. 4B and 4C, a gap 
5 between the film 13 and the scatterer 12 or the dip 21 
in which the scatterer 12 is fabricated may be filled 
with a dielectric material 22. This further reduces 
probability of the destruction of the scatterer 12. 

The film 13 is desirably made of a light 

10 interrupting or shielding substance (which reflects or 
absorbs light) such as a metal or a semiconductor, and 
a gap SI between the film 13 and the scatterer 12 is 
desirably equal to or less than several tens of 
nanometers. For example, the film 13 is made of gold, 

15 titanium, or silicon with the gap Si set to about 50 
nm. By using the light shielding film, when measuring 
a contour and optical characteristics of a sample and 
when reproducing a record mark in an optical 
recording/reading device, it is also possible to 

20 increase contrast in a reproduced image and/or a 

reproduced signal. That is, a beam of light to hit the 
scatterer 12 has a beam diameter, which however cannot 
be reduced to a value similar to a size of the 
scatterer because of a diffraction limit. Therefore, 

2 5 part of the light is not scattered and is incident as 
background light to the sample 15. This resultantly 
increases a ratio of lower-degree space frequency 
components to the light incident to the sample 15 and 



hence the contrast of the image and the reproduced 
signal is decreased. By fabricating a light shielding 
film 13 such that a distance si between the film 13 and 
the scatterer 12 is equal to or less than the 
5 wavelength of light, the light which has not hit the 
scatterer 12 is reflected or absorbed by the film 13. 
Quantity of background light incident to the sample 15 
can be therefore minimized. 

When the film 13 is made of a metal, a gap is 

10 required between the scatterer 12 and the metallic film 
13. However, when the film 13 is made of a material 
other than a metal, for example, is made of a 
dielectric substance, the film 13 may be manufactured 
to be contiguous to the scatterer 12 as shown in Fig. 

15 4D. 

The scatterer 12 is fabricated in a circular 
cone or a polygonal pyramid as shown in Fig. 2A. When 
light is incident to the scatterer 12, strong near- 
field light is produced in the vicinity of a vertex 61 

20 of the scatterer 12. The vertex 61 has a radius of 

curvature of, for example, 20 nm; a height h6 of, for 
example, 100 nm; and a width (diameter) dl of a base 
or bottom plane of, for example, 100 nm. The radius of 
curvature of the vertex 61 need only be 50 nm or less. 

25 However, this value is favorably reduced to obtain 

higher resolution. Each of the height and the width of 
the base plane need only be several hundred nanometers. 
However, the radius of curvature, the height, and the 



width of the base plane of the vertex are desirably 
adjusted to have a ratio therebetween for a resonance 
condition of a plasmon, which will be described later. 

The contour of the scatterer may be a planar 
5 ellipse (including a circle) as shown in Fig. 2B. The 
elliptic contour has a major axis having a length of, 
for example, 150 nm; a minor axis having a length of, 
for example, 50 nm; and a thickness of, for example, 
40 nm. It is only necessary that each of the major 

10 axis and the minor axis is several hundred nanometers 
or less and the thickness is 100 nm or less. However, 
these values are desirably adjusted to have a ratio 
therebetween for a resonance condition of a plasmon, 
which will be described later. When light enters the 

15 elliptic film of the scatterer, strong near-field light 
is produced in the vicinity of intersections 62 between 
the major axis and the ellipse (to be referred to as 
vertices 62 in this specification). To generate 
particularly strong near-field light, the major axis of 

2 0 the ellipse is desirably set to be parallel with a 
direction of polarization of light. 

The scatterer may be fabricated in a 
triangular form 7 0 with a film as shown in Fig. 2C. 
The triangle has a vertex 64 having a radius of 

25 curvature of, for example, 15 nm and a thickness of, 
for example, 3 0 nm. It is only necessary that the 
radius of curvature is 100 nm or less and the thickness 
is 100 nm or less. The vertex 64 desirably has an 



- 24 - 

inner or code angle satisfying the plasmon resonance 
condition, which will be described later. When light 
is emitted to the vertex 64 with a direction of 
polarization of light aligned to the vertex 64, 
5 electrons are concentrated in the neighborhood of the 
vertex 64 sharply pointed and hence strong near-field 
light is generated therein. Figs. 5A and 5B show 
calculation results of distribution of near-field light 
generated in the proximity of the triangular metallic 

10 film when light is incident to the triangular metallic 
film. The calculation is achieved in an FDTD method 
(Journal of Optical Society of America A, Vol. 12, No. 
9, pp. 1974-1983, 1995). In this calculation, an 
analysis area 403 is 0-3 micrometer (/zm), 0.2^m, and 

15 2.6ytzm respectively in the x, y, and z directions. The 
triangular film is made of gold and has a thickness of 
3 0 nm. The vertex 64 has a radius of curvature of 25 
nm and a cone angle qO of 20°. An incident wave 402 is 
a plane wave having a wavelength of 650 nm. A wave 

20 source 401 is set to a place one wavelength apart from 
the film (L2 = 650 nm) . The incident wave has a 
direction of polarization aligned to the x axis. The 
analysis area has boundary conditions such as a 
periodic boundary condition in a plane vertical to the 

25 x and y axes and an absorption boundary condition in a 
plane vertical to the z axis. The metallic film is one 
wavelength apart from the boundary (L3 = one 
wavelength) and the wave source is also one wavelength 



- 25 - 

apart from the boundary. The number of meshes are 
represented as 60, 50, and 60 in the x, y, and z 
directions and the meshes are uneven meshes, namely, 
the mesh is smaller in the vicinity of the vertex of 
5 the triangular film. That is, the mesh pitch or 

interval is 2.5 nm in the vicinity of the vertex of the 
triangular film. The time pitch is 1 x 10" 18 second and 
the iteration of calculation is 15000. The calculation 
results of Fig. 5B show a ratio of a density of 

10 intensity of near-field light (I near ) to a density of 
intensity of the incident wave. As can be seen from 
this graph, a field of strong light is produced in the 
vicinity of the vertex 64 and the field has a maximum 
intensity value which is about 750 times that of the 

15 incident light. The half -value width is 15 nm and 4 5 
nm in the x and y directions, respectively. The film 
may be made of other metal. When the film is made of, 
for example, silver, there is attained almost the same 
distribution of intensity of light and a maximum 

20 intensity value is about 590 times that of the incident 
light. The distribution of the near-field light in the 
proximity of the vertex of the metallic film having an 
elliptic contour can be considered to be almost the 
same as the results above because of similarity of the 

2 5 contour. 

When the length Ll of the triangle is equal 
to or less than the wavelength of light, for example, 
200 nm, strong near-field light is generated also in 



the vicinity of the other vertices 65. It is therefore 
desirable that the length Ll is longer than the 
wavelength of light, for example, one micrometer so 
that light hits only the pointed vertex 64 as shown in 
5 Fig. 7A. Alternatively, to reduce intensity of the 

near-field light in two vertices other than the pointed 
vertex 64, it may also be possible to increase the 
curvature of the vertices 68 as shown in Fig. 2D. In 
this situation the length Ll of the triangle may be 
Q 10 equal to or less than the wavelength of light. When 

III the vertex 64 has a radius of curvature of 10 nm, the 

1= radius of curvature of each vertex 68 is 50 nm or more 

*ij and the length Ll is about 3 00 nm. This minimizes the 

+" degree of concentration of electrons onto the vertex 68 

S3 15 and hence lowers the intensity of near-field light 

K generated in the vicinity of the vertex 68. 

C3 Additionally, as can be seen from Fig. 2E, the 

triangular scatterer 7 0 may be connected to a film 13 
in a periphery of the scatterer 70. In this case, the 
20 curvature of at junction area 71 is favorably greater 
than the radius of curvature of the vertex 64. Also in 
this situation, the length Ll of the triangle may be 
equal to or less than the wavelength of light. When 
the radius of curvature of the vertex 64 is 10 nm, the 
25 radius of curvature of the junction 71 is 50 nm or more 
and the length Ll is about 3 00 nm. 

As shown in Fig. 3A, a scatterer may include 
a metallic film 83 fabricated in the vicinity of a 



vertex of a pointed metallic film 81 in the form of a 
planar ellipse or triangle. To fabricate this 
scatterer, a 30 nm thick triangular film is formed with 
a vertex having a radius of curvature of 15 nm. 
5 Thereafter, a 30 nm thick rectangular film is 

manufactured apart 5 nm from the vertex of the triangle 
(gap S2 = 5 nm) . It is only required that the radius 
of curvature of the triangle is 100 nm or less and the 
thickness of the triangular film is 100 nm or less. 

10 The vertex desirably has a cone angle satisfying a 
plasmon resonance condition, which will be described 
later. The rectangular film and the triangular film 
have an equal thickness. The gap S2 may be several 
tens of nanometers or less. To obtain high resolution, 

15 the gap S2 is desirably minimized. The incident light 
has a direction of polarization directing to the vertex 
82 as indicated by an arrow 63 to illuminate an area 
between the vertex 82 and the film 83. Dipole occurs 
in the vertex 82 and on the metallic film 83. By 

20 interaction between each dipole, strong near-field 
light is generated between the vertex 82 and the 
metallic film 83. 

As can be seen from Fig. 3B, the metallic 
film 83 is particularly desirably fabricated as a film 

25 84 having, like the metallic film 81, a pointed tip end 
section in the form of a planar ellipse or a triangle. 
The vertex 82 is disposed near the vertex 83. For 
example, two triangles are fabricated using a film 



having a film thickness of 30 nm and the pertinent 
vertex of each triangle has a radius of curvature of 15 
nm. These triangles are apart from each other by a gap 
SI of 5 nm- In each triangle, it is only required that 
5 the radius of curvature of the pertinent vertex is 100 
nm or less, the thickness is 100 nm or less, and the 
gap between the vertices S3 is several tens of 
nanometers. To obtain high resolution, the gap S3 is 
desired to be reduced. The incident light has a 

10 direction of polarization directing to the vertex 82 as 
indicated by an arrow 63. In this configuration, 
dipole occurs strongly in two metallic films. As a 
result of interaction of each dipole, strong near-field 
light is generated between two vertices. Figs. 6A and 

15 6B show calculation results of distribution of near- 
field light generated when light is incident to two 
mutually opposing triangles. The calculation is 
executed in the FDTD method. In the calculation, as 
shown in Fig. 6A, an analysis area 4 03 has a size 

20 represented as 0.3 juiva., 0.2,6dm, and 2.6//m respectively 
in the x, y, and z directions. The triangular film is 
made of gold and has a film thickness of 3 0 nm. The 
pertinent vertex has a radius of curvature of 2 5 nm and 
a cone angle qO of 20°. An incident wave 402 is a 

25 planar wave having a wavelength of 780 nm. A wave 

source 4 01 is one wavelength apart from the film (L2 = 
7 80 nm) . The incident wave has a direction of 
polarization aligned to the x axis direction. The 



analysis area has boundary conditions such as a 
periodic boundary condition in a plane vertical to the 
x and y axes and an absorption boundary condition in a 
plane vertical to the z axis. The metallic film is one 
5 wavelength apart from the boundary (L3 = one 

wavelength) and the wave source is also one wavelength 
apart from the boundary. The number of meshes are 
represented as 60, 50, and 60 in the x, y, and z 
directions . The meshes are uneven meshes in which the 

10 mesh is smaller in the vicinity of the pertinent vertex 
of the triangular film. Specifically, the mesh pitch 
or interval is 2.5 nm in the vicinity of the vertex of 
the triangular film. The time pitch is 1 x 10" 18 second 
and the iteration of calculation is 15000. Fig. 6B 

15 shows, in a graph, distribution of a ratio of a density 
of intensity of near-field light (I near ) to a density of 
intensity of the incident wave. As can be seen from 
this graph, a field of strong light is produced in the 
gap between the vertices 82 and 85, and the field has a 

2 0 maximum intensity value which is about 5700 times that 
of the incident light. The half-value width is 15 nm 
and 45 nm in the x and y directions, respectively. The 
film may be made of other metal. When the film is made 
of, for example, silver, there is attained almost the 

2 5 same distribution of intensity of light and a maximum 
intensity value is about 5500 times that of the 
incident light. 

When the scatterer is fabricated using a 



metallic film in the form of a circular cone, a 
polygonal pyramid, an ellipse, or a triangle in the 
order of nanometers, the intensity of near-field light 
generated in the vicinity of the scatterer may be 
5 increased by producing a localized plasmon in the 
scatterer. The localized plasmon is a state of 
resonance of electrons appearing in an elliptic body 
having a size equal to or less than the wavelength of 
light or in a metallic projection (such as the vertex 

10 of a circular cone or the vertex of the elliptic or 
triangular film) sharply pointed to have a radius of 
curvature equal to or less than the wavelength of 
light. When the localized plasmon takes place, a field 
of quite strong light is generated in the vicinity of 

15 the metal. The localized plasmon is excited by light 
having a particular wavelength and its resonance 
wavelength is determined by a type of the metal, a 
contour of the metal, and a direction of polarization 
of the exciting light. It is therefore desirable that 

2 0 these parameters are selected such that the resonance 
wavelength is similar to that of a source of the 
exciting light. For example, when the contour of the 
scatterer can be approximated to a sphere and the metal 
is gold, the resonance wavelength is 520 ran. The 

25 density of intensity of near-field light in the 

vicinity of the scatterer is 30 times that of intensity 
of incident light. When the metal is silver, the 
resonance wavelength is 350 nm, the density of 



intensity of near-field light in the vicinity of the 
scatterer is 480 times that of intensity of incident 
light. In a case in which the contour of the scatterer 
can be approximated to a spheroid in which a ratio 
5 between a major axis to a minor axis is three to one 
and the metal is gold, the resonance wavelength is 650 
ran and the density of intensity of near-field light in 
the vicinity of the scatterer is 6500 times that of 
intensity of incident light. When the metal is silver, 

10 the resonance wavelength is 500 nm, the density of 
intensity of near-field light in the vicinity of the 
scatterer is 10 5 times that of intensity of incident 
light. It has been assumed that the direction of 
polarization of the exciting light is parallel to the 

15 major axis to the elliptic metal. For the metallic 
film having a contour of a sphere, the contour has 
point symmetry and hence the direction of polarization 
can be arbitrarily selected. The calculation results 
indicate that quite strong near-field light is produced 

20 in the proximity of the elliptic, metallic film. The 
vertex having a contour of a circular cone or a 
triangle can be approximately considered to have a 
contour of an ellipse having a large ratio between the 
major axis and the minor axis. Therefore, by 

25 optimizing the contour and the material, the increase 
in the electric field of the elliptic scatterer can be 
expected. 

When the scatterer is fabricated with a 



metallic film in a triangular contour, light may be 
illuminated to excite a surface plasmon wave on the 
metallic film. For this purpose, as can be seen from 
Fig. 7B, the direction of polarization of the light is 
5 aligned to be parallel to a plane of incidence of the 
light (p polarization). To make a wave number k3 of 
the surface plasmon wave match of a component in a 
direction of plane k2 of wave number vector kl of the 
incident light, an angle of incidence ql is adjusted. 

10 For example, when the metal is gold and the film 

thickness is 40 nm, q 1 is set to 44.5°. The length Ll 
of the triangle is, for example, several micrometers, 
namely, equal to or more than the wavelength of light. 
The light spot is at a position on the metallic film. 

15 The direction of a plane of incidence of light is 
aligned such that the surface plasmon wave proceeds 
toward the vertex 64. In this configuration, the 
surface plasmon wave generated on the metallic film is 
collected onto the sharply pointed vertex 64, and 

2 0 strong near-field light is generated in the proximity 
of the vertex 64. 

When the scatterer is fabricated with a 
metallic film in a sharply pointed contour of a planar 
ellipse or a triangle, the metallic film 91 may be 

25 fabricated on a side surface 94 of the substrate as 

shown in Fig. 8A. A vertex 92 to generate strong near- 
field light is brought into contact with a bottom plane 
93 of the substrate. The side surface 94 of the 



substrate may be inclined as shown in Fig. 8B. In this 
situation, light 14 can be supplied in a direction 
vertical to the bottom plane 93. To protect the 
metallic film 91, a surface of the metallic film 91 may 
5 be coated with a transparent dielectric substance. 

The collated or focused light 14 is fed to 
the scatterer 12, for example, as shown in Figs. 9 A to 
9D. In the example, of Fig. 9A, light is condensed by 
an objective lens 31 disposed near the substrate and is 

10 incident to the scatterer 12. In the example of Fig. 
9B, the substrate 32 has a semi-spherical contour. The 
light collated by the objective lens 31 is incident to 
the substrate 32. This improves a numerical aperture 
of the lens 31 so that a beam diameter of the light is 

15 smaller at the focal point when compared with that of 
Fig. 9A. In the example of Fig. 9C, a light collecting 
or condensing mechanism 33 such as a holographic lens 
is fabricated on the substrate. A collimated light 
incident to the substrate is focused onto the scatterer 

20 12. In the example of Fig. 9D, the substrate is formed 
in a spherical prism or a right angle prism such that 
the collated light totally reflects on a substrate 
surface of the scatterer 12. This minimizes quantity 
of background light incident to a sample. 

25 The scatterer 12 may be manufactured on an 

edge surface of an optical resonator. For example, as 
shown in Fig. 10, a light reflecting film such as a 
metallic film is fabricated on a substrate 11 and then 
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a light transmitting film such as a dielectric film is 
formed thereon with a thickness of t4 to satisfy t4 x 
n4 = N x A/2, where n4 is a refractive index of the 
dielectric, A is a wavelength of light in the air, and 
5 N is an integer equal to or more than one. A scatterer 
12 and a reflecting film 13 are fabricated thereon to 
form a resonator structure. By this structure, it is 
possible to increase intensity of the electric field of 
light incident to the scatterer 12. This therefore 

10 increases intensity of near-field light generated in 
the vicinity of the scatterer 12. 

As shown in Fig. 11, the scatterer 12 may be 
formed on a laser emitting surface of an active layer 
52 of a laser 51. The semiconductor laser may be a 

15 laser of surface emission type. Like the scatterer 
formed on the edge surface of the resonator, this 
scatterer can increase intensity of near-field light. 
Moreover, the lens can be dispensed with. 

The near-field optical probe is manufactured 

20 as follows. 

On a substrate 101, a film 102 of a metal, a 
dielectric substance, or a semiconductor is 
manufactured by a vacuum evaporator and a sputtering 
unit as shown in Fig. 12A. The film has a thickness 

25 substantially equal to height of the scatterer (film 
forming process). 

A positive electron-beam resist 103 is coated 
on the film (Fig. 12B). A region 104 to form a 



scatterer is exposed to light by an electron-beam 
exposing device (Fig. 12C). The exposed region 104 is 
removed in developing liquid (exposure process ). 

Next, the film 102 of the exposed region 104 
5 is removed (Fig. 12D). The film is removed using 
etchant or etching solution or liquid. When the 
metallic film is made of gold, nitrohydrochloric acid 
is utilized to etch the film. When the etching time is 
elongated, the etching solution enters a space below 

10 the resist film 103 and hence a region larger than the 
exposed region 104 is removed. The space has a length 
of s3. This length is substantially equivalent to the 
gap si between the scatterer and the film of Fig. IB. 
The film may be removed by a plasma etching device. 

15 However, since the etching solution does not enter the 
space above in this case, the length s3 is equal to 
zero. Consequently, there is produced a probe in which 
the scatterer is brought into contact with the film 
(Fig. 4D). 

2 0 As can be seen from Fig. 12E, a metal is 

accumulated by a vacuum evaporator. In the region 104 
from which the resist has been removed, the metal is 
accumulated to form a scatterer 105 (scatterer forming 
process ) . 

25 Finally, the resist and the metallic film 106 

are removed in a resist remover solution. The probe 
thus completely produced includes a scatterer 105 and a 
film 102 as shown in Fig. 12F. 
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When the scatterer is manufactured in a shape 
of a circular cone (Fig. 2A) , the resist is exposed to 
light in a corresponding circular contour in the 
exposure step above (the circular contour has a radius 
5 equal to or less than a wavelength of light) . In the 
scatterer forming process in which a metallic film 106 
is accumulated on the resist film 103, as the thickness 
of the metallic film 106 increases, the metal is also 
accumulated on a surface the opening 104 and hence the 
10 opening is gradually minimized in size. That is, by- 
accumulating the metallic film until the opening is 
completely filled with the metal, the scatterer is 
resultantly manufactured in the form of a circular cone 
(Fig. 13). 

15 When a metallic scatterer is fabricated in a 

dip of the substrate as shown in Figs. 4A and 4C, the 
first film forming process is skipped and the resist is 
directly coated on the substrate. In place of the film 
etching process, a substrate etching process is 

2 0 additionally conducted to etch the substrate. When the 
substrate is made of a nonconductive substance such as 
quartz, to prevent in the electron-beam exposure the 
disadvantage that the substrate is charged and a target 
pattern is extended, a conductive, transparent film of, 

25 for example, ITO is manufactured on the substrate, the 
film having a thickness of several tens of nanometers 
or less, by sputtering or vacuum evaporation before the 
resist coating process. 
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Alternatively, The near-field probe may be 
produced as follows . 

As can be seen from Fig. 14A, a film 102 of a 
metal, a dielectric, or a semiconductor is formed on a 
5 substrate 101 by a vacuum evaporator or a sputtering 
device. The film has thickness equal to height of a 
target scatterer. 

As shown in Fig. 14B, a film 123 is removed 
by photolithography or electron-beam lithography, from 
10 a region in which the scatterer is fabricated. 

A positive, electron-beam resist is coated 
(Fig. 14C) and a region 125 to form the scatterer is 
exposed to light by an electron-beam exposure device 
(Fig. 14D). The resist is then removed from the 
15 exposed region 125 in developing liquid. 

As shown in Fig. 14D, a metal is accumulated 
on the resist film 124 by a vacuum evaporator. The 
scatterer 105 is resultantly fabricated in the space 
125 from which the resist has been removed. 
20 The resist film 124 and the metallic film 127 

thereon are finally removed in resist removing 
solution . 

When the metallic scatterer is formed in a 
dip of the substrate as shown in Figs. 4A and 4C, the 
25 first film forming process is removed and a process is 
additionally used to directly form a dip on a surface 
of the substrate by photolithography or the like. 

Moreover, the near-field probe may be 
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produced as follows. 

A film 102 of a metal, a dielectric, or a 
semiconductor is formed on a substrate 101 by a vacuum 
evaporator or a sputtering unit (Fig. 15A) . The film 
5 has thickness equal to height of an objective 
scatterer . 

A positive, electron-beam resist is coated on 
the film 102 (Fig. 15B). As can be seen from Fig. 15C, 
a region 134, corresponding to the region 16 between 
10 the scatterer 12 and the film 13 of Figs. 1A and IB, is 
exposed by an electron-beam exposure device. The 
resist is then removed from the exposed region 134 in 
developing liquid. 

The film 102 in the region 134 from which the 
15 resist has been removed is removed in etching solution 
or by plasma etching as shown in Fig. 15D. 

Finally, the resist film 133 is removed (Fig. 

15E) . 

Alternatively, the near-field probe may be 
20 produced using a negative resist as follows. 

A positive resist 141 is coated on a 
substrate 101 (Fig. 16A) . When the substrate is made 
of a nonconductive substance such as quartz, to prevent 
in the electron-beam exposure a disadvantage that the 
25 substrate is charged and a target pattern is extended, 
a conductive, transparent film of, for example, ITO 
(the film thickness is, for example, several tens of 
nanometers) is manufactured on the substrate before the 



- 39 - 

resist coating process. 

The resist other than that of a region 142, 
which corresponds to the region 16 between the 
scatterer 12 and the film 13 in Figs. 1A and IB, is 
5 removed by electron-beam exposure (Fig. 16B). 

A metallic film is accumulated by a vacuum 
evaporator (Fig. 16C). This forms a scatterer 105 and 
a film 144 in a periphery of the scatterer 105. 

Finally, the resist film 142 and the metallic 
10 film thereon are then removed in resist removing liquid 
(Fig. 16D). 

The near-field optical probe including a 
scatterer 12 protected by a dielectric film 22 (Figs. 
4B and 4C) is fabricated as follows. 
15 A dielectric film 151 is manufactured on the 

scatterer 12 and the peripheral film 13 by a vacuum 
evaporator or a sputtering device (Fig. 17A). 

The region other than the scatterer 12 and 
the peripheral film 13 are polished and is removed by 
20 an abrasive. The abrasive is, for example, diamond 
slurry, alumina slurry, or silica slurry. 

When the near-field probe is located near a 
sample to be scanned, the position of the probe varies 
according to unevenness of a surface of the sample. 
25 Particularly, when the probe is used in an optical 

recording/reading device, the position of the probe is 
considerably changed by inclination and/or distortion 
of a disk. Resultantly, the position of incident light 



on the probe is shifted and quantity of light hitting 
the metallic scatterer changes. To prevent this 
difficulty, there is required an automatic adjuster to 
set the position of incident light to the metallic 
5 scatterer in any situation. This adjustment is 
accomplished as follows. 

A collimated light beam 1600 is separated 
into two beams of light including a first beam and a 
second beam, by a grating or a Wollaston prism 16 04 

10 (Fig. 18). At a place near the scatterer of the probe, 
a focusing mark is disposed. The first beam hits the 
scatterer 1609 and the second beam hits the focus 
adjusting mark. By measuring a shape of light beam 
reflected from the mark, the focal point is adjusted. 

15 The adjusting device is specifically 

configured as follows. At a position near a scatterer 
1702, two small and elongated grooves 1701 and 1703 are 
fabricated (Fig. 19A) . Each groove has width smaller 
than the light spot diameter and depth equal to A/8n 

2 0 ( A is a wavelength of light and n is the refractive 
index of the substrate). These grooves are orthogonal 
to each other. The light beam is separated into three 
beams, i.e., a first beam, a second beam, and a third 
beam, by a grating or a Wollaston prism 1604. The 

25 first beam 1705 hits the scatterer 1702 and the second 
and third beams hit central sections respectively of 
the grooves 1701 and 1703. Reflection beams of the 
beams 17 04 to 17 06 are separated from the incident 
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light by a beam splitter 1603 to be fed via an convex 
lens 1605 and a cylindrical lens 1606 to a sensor 1607. 
The sensor 1607 includes three light receiving 
surfaces- A light receiving surface 1707 on the outer- 
5 left side includes four subordinate surfaces, and a 
light receiving surface 1703 on the outer-right side 
includes two subordinate surfaces (Fig. 19B) . 

A direction parallel to the substrate surface 
is aligned as follows. On the light receiving 

10 surfaces, the light beam has contours 1710 to 1712. 
The central beam 1711 is light reflected from the 
scatterer and the beams 1710 and 1712 respectively on 
both sides of the central beam 1711 are lights 
reflected from the grooves 1701 and 1703. The light 

15 reflected from the grooves has a pattern including two 
bright areas (Fig. 19B) by interference between 
diffracted light from the grooves . When the focal 
point is appropriately adjusted, these areas are equal 
in brightness to each other. When the focal point is 

20 shifted from the appropriate position, the areas are 
different in brightness from each other (Fig. 19C). 
Therefore, by setting two areas to equal brightness, 
the focal point can be adjusted (signals from the 
sensor satisfy (A + B) - (B + D) = 0 and E - F = 0). 

25 In a direction vertical to the substrate 

surface, the positioning is achieved as follows. By 
using, for example, an aspherical aberration system, an 
optical element to cause aspherical aberration such as 



a cylindrical lens is inserted in the optical sensor 
system. While the focal point is in an appropriately 
focused state, the positioning is conducted such that a 
minimum circle of confusion is formed on the sensor. 
5 When the focal point is thus adjusted, the reflection 
light has a circular contour as shown in Fig. 19B. 
However, when the focal point is shifted from the 
appropriate position, the reflection light becomes non- 
collimated light. Therefore, the light passed through 

10 the convex lens 1605 and the cylindrical lens 1606 has 
an elliptic shape as shown in Fig. 19D. Consequently, 
by setting the beam shape to a circle, the focal point 
can be appropriately adjusted (signals from the sensor 
satisfy (A + D) - (B + D) =0). 

15 Fig. 2 OA shows an application example of the 

near-filed optical probe to an optical 
reading/reproducing device. The optical probe is 
installed in an optical head 1802 including an optical 
source, a sensor, and the like. The optical head 1802 

20 is located to a position near a disk 1801. The optical 
head 1802 is moved in a radial direction of the disk 

1801 by a carriage actuator 1803. The optical head 

1802 includes an optical system constructed as shown in 
Fig. 20B. The optical system includes a semiconductor 

25 laser 1809 as a light source. Light from the laser 
1809 is passed through a collimating lens 1810 and a 
beam shaping prism 1811 into a circular, collimated 
beam. The beam passes through a grating 1812, a 



polarizing beam splitter 1813, a quarter wavelength 
plate 1814, a mirror 1801 and an objective lens 1807, 
which collectively serve as a focus adjusting unit, and 
enters the optical probe 1804. The position of the 
5 objective lens 1807 is adjusted by an actuator 1808. 
An actuator 1806 is used to precisely adjust the 
position of the optical probe 1804 for tracking 
operation. The optical probe 1804 is attached to a 
suspension 1805 and is pushed against the disk 1801 by 

10 force of the suspension. Light reflected from the 

optical probe 1804 is separated from the incident light 
by the polarizing beam splitter 1813 and passes a 
condenser 1815 and a positioning cylindrical lens 1816 
to be incident to a sensor 1817. 

15 In the optical recording device, since the 

recording layer is exposed in the recording disk 
surface, when the disk 1801 is removed from the optical 
head 1802 to be carried about, there exists a fear of 
dirt and damage on the disk and data recorded thereon 

20 cannot be reproduced in some cases. To prevent this 
difficulty, it is favorable that the disk 1801 and the 
near-field optical probe 1804 are housed in a cartridge 
1900 to isolate the disk surface and the optical probe 
1804 from the outside air as shown in Figs. 21A to 21C. 

25 For example, a rotating shaft is disposed on a corner 
of the cartridge 1900, an arm 1904 is attached to the 
rotating shaft, and the suspension 1805 and the optical 
head 1801 are attached to the arm 1904 as shown in Fig. 



2 IB. The tracking is carried out by moving the arm 
1904 while rotating the rotating shaft 1905. The main 
section of optical head 1903 including the light source 
and the sensor is placed outside the cartridge 1900. 
5 Light 1902 from the main section of optical head 1903 
is fed via a window 1901 to the optical probe 1804. 
The light 1902 is collimated. The light incident to 
the optical probe 18 04 is condensed by a condensing 
mechanism constructed on the probe as shown in Fig. 9C. 

10 The main section of head 1903 is mounted on an arm 1907 
driven by a rotating actuator 1908. The arm 1907 is 
coupled with the rotating shaft 1905 connected to the 
optical probe 1804. Resultantly, the main section of 
head 1903 and the optical probe 1804 operate in a 

15 cooperative fashion. To connect, with high precision, 
the rotating shaft 1905 coupled with the optical probe 
1804 to the arm 1907 attached to the main section of 
head 1903, a v-shaped groove 1909 and a projection 1910 
are employed as shown in Fig. 21C. Specifically, a v- 

20 shaped groove 1909 is disposed in an upper section of 
the rotating shaft 1905 and semi-spherical projections 
1910 are arranged in a lower section of the arm 1907 of 
the main section of head 1903. By pushing the semi- 
spherical projections 1910 against the v-shaped groove 

25 1909, the arm 1907 of the main section of head 1903 can 
be linked with the rotating shaft 1905. 

When the probe includes a metallic scatterer 
in the contour of a circular cone (Fig. 2A) or when the 



probe includes a metallic film with a pointed tip end 
in the contour of a triangle or a planar ellipse on a 
side surface of the substrate (Figs. 8A and 8B), a 
metallic layer is favorably disposed below the 
5 recording layer of the disk (Figs. 22A and 22B) . For 
example, a metallic layer 2001 of gold or silver is 
manufactured on a disk substrate 2003 and a recording 
layer 2000 having a thickness of about 5 ran is 
fabricated thereon using a phase-changing material. In 

10 this configuration, dipole in the metallic scatterer 12 
interacts with dipole in the metallic film 2001 to 
resultantly increase intensity of near-field light 
between the tip end of the metallic scatterer 12 and 
the metallic film 2001. This also improves efficiency 

15 of the optical probe. 

In the near-field optical probe according to 
the present invention, the near-field light is 
generated by a metallic scatterer in the contour of a 
circular cone, a polygonal pyramid, a planar ellipse, 

20 or a triangle. Therefore, it is possible to generate 
guite strong near-field light. The optical probe 
includes in a peripheral area of the scatterer a film 
of a metal, a dielectric, or a semiconductor with film 
thickness equal to height of the scatterer. 

25 Consequently, the probe can conduct the scanning at a 
high speed without destroying the scatterer. When the 
film is made of a light shielding substance and the 
distance between the scatterer and the film is equal to 
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or less than a wavelength of light, the background 
light can be reduced. 

While the present invention has been 
described in detail and pictorially in the accompanying 
5 drawings, it is not limited to such details since many 
changes and modifications recognizable to those of 
ordinary skill in the art may be made to the invention 
without departing from the spirit and scope thereof. 
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WHAT IS CLAIMED IS: 

1. A near-field optical probe, comprising: 
a substrate; and 

a metallic scatterer fabricated on said 
substrate in a contour of a circular cone or a 
polygonal pyramid having an axis vertical to a surface 
of the substrate. 

2. A near-field optical probe, comprising: 
a substrate; and 

a metallic scatterer fabricated on said 
substrate in a contour of a planar ellipse having a 
major axis, a minor axis, and thickness, the major 
axis, the minor axis, and the thickness being equal to 
or less than a wavelength of light. 

3. A near-field optical probe, comprising: 
a substrate; and 

a metallic scatterer fabricated on said 
substrate in a contour of a triangle having a vertex 
with a radius of curvature and thickness, the radius of 
curvature and the thickness being equal to or less than 
a wavelength of light. 

4. A near-field optical probe, comprising: 
a substrate; and 

a metallic scatterer fabricated on said sub- 
strate in a contour of a triangle having a first 
vertex, second vertex, and a third vertex, the first 
vertex having a radius of curvature less than a radius 
of curvature of each of the second and third vertices . 
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5 . A near-field optical probe according to claim 
3, wherein the triangle is connected to a film in a 
periphery of the triangle on the plane to dispose an 
opening in the connecting section, the opening having a 
radius of curvature greater than a radius of curvature 
of the vertex of the triangle. 

6. A near-field optical probe, comprising: 
a substrate; 

a first metallic film having a pointed tip 

end; and 

a second metallic film in an arbitrary 
contour, wherein the tip end is apart several tens of 
nanometers from the second metallic film. 

7. A near-field optical probe, comprising: 
a substrate; 

a first metallic film having a pointed tip 

end; and 

a second metallic film having a pointed tip 
end, wherein the tip ends are apart several tens of 
nanometers from each other. 

8. A near-field optical probe according to claim 
1 , further including in a periphery of said scatterer a 
metallic film, a dielectric film, or a semiconductor 
film having film thickness substantially equal to 
height of said scatterer. 

9. A near-field optical probe according to claim 
8, wherein: 

said film is a light shielding film; and 
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said scatterer is apart from said peripheral 
film by a gap equal to or less than a wavelength of 
light. 

10. A near-field optical probe according to claim 
1, further including a dip in the substrate surface 
with depth substantially equal to height of said 
scatterer, wherein said metallic scatterer is formed in 
said dip. 

11. A near-field optical probe according to claim 
8, wherein a gap between said scatterer and said 
peripheral film or between said scatterer and said dip 
is filled with a light transmitting material. 

12 . A near-field optical probe according to claim 
1, wherein said substrate is a contour of a semi- 
sphere. 

13. A near-field optical probe according to claim 
1, further including a light condensing element on said 
substrate. 

14. A near-field optical probe according to claim 
13 , wherein said light condensing element is a 
holographic lens . 

15. A near-field optical probe according to claim 
1, wherein said metallic scatterer is formed on an edge 
surface of an optical resonator. 

16. A near-field optical probe according to claim 
1, wherein said metallic scatterer is formed on a light 
emitting edge surface of a semiconductor laser. 
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17. A near-field optical probe, comprising: 
a substrate; and 

a metallic film having a pointed tip end in a 
contour of a planar ellipse or a triangle on a side 
surface or an inclined side surface of the substrate, 

said pointed tip end being brought into 
contact with a surface of a sample. 

18. A near-field optical probe according to claim 
17, wherein said metallic film on the side surface of 
the substrate is coated with a transparent dielectric 
substance . 

19. A near-field optical microscope including a 
near-field optical probe according to claim 18. 

20. An optical recording/reading device including 
a near-field optical probe according to claim 17. 

21. A near-field optical microscope and an 
optical recording/reading device employing an automatic 
adjusting method, wherein the automatic adjusting 
method includes the steps of: 

separating part of light incident to a near- 
field optical probe; 

feeding the part of light to a focal point 
adjusting pattern fabricated at a position near a 
source of near-field light; 

measuring a contour of light reflected from 
the pattern; and 

adjusting a focal point of the incident 

light. 
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22. A near-field optical microscope and an 
optical recording/reading device according to claim 21 
employing an automatic adjusting method, wherein the 
automatic adjusting method includes the steps of: 

feeding the light reflected from the pattern 

to a convex lens and a cylindrical lens; 

measuring distortion of a beam shape; and 
positioning a direction vertical to a surface 

of a substrate. 

23. A near-field optical microscope and an 
optical recording/reading device according to claim 21 
employing an automatic adjusting method, wherein the 
automatic adjusting method includes the steps of: 

forming, as the pattern, two small and 
elongated grooves vertically intersecting each other, 
each said groove having width less than a diameter of 
an optical spot; 

separating incident light into three beams; 

feeding one of the beams to a source of near- 
field light; 

feeding the remaining beams to central 
sections respectively of said two grooves; 

comparing quantity of light between two 
bright areas respectively of patterns of light 
reflected from said two grooves; 

adjusting a focal point according to a result 
of the comparison. 

24. An optical recording/reading device using a 
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recording disk including a near-field optical probe in 
a cartridge. 

25. An optical recording/reading device according 
to claim 24 using a recording disk in a structure, said 
structure including: 

a cartridge having a rotating shaft at a 
corner thereof; 

an arm attached to said rotating shaft; 

a near-field optical probe attached by a 
suspension to said arm. 

26. An optical recording/reading device according 
to claim 24, wherein 

a rotating shaft to which said arm is 
attached is connected to an arm to which an optical 
head including a light source and an optical sensor is 
attached; 

the optical head and the near-field optical 
probe thereby operate in a cooperative way; 

light from the optical is fed via a window 
disposed in the cartridge to the near-field optical 
probe. 

27. An optical recording/reading device according 
to claim 25, wherein a v-shaped groove and a semi- 
spherical projection are employed to connect the arm 
attached to the near-field optical probe to the arm 
attached to the optical head. 

28. An optical recording/reading device using a 
recording disk including a metallic layer below a 
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recording layer. 
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ABSTRACT OF THE DISCLOSURE 

A near-field probe includes a metallic 
scatterer fabricated on a substrate in a contour of a 
circular cone, a polygonal pyramid, a planar ellipse, 
or a triangle and a film of a metal, a dielectric, or 
semiconductor formed in a periphery of the scatterer 
with film thickness equal to height of the scatterer. 
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Japanese Language Declaration 



mt, *Hfe#JS 3 5gll9i(a)-(d) 3 6 5* 

(b) Ji^stTtB©, *iH^©i(t)'>^< t i>-%m*m 
feLx^zmmttrntos & 5 (a) m^m-r<m^mm, x 

T(-> Wfo*-?-?-rhZ-hX\ ^LTV^-f-. 
Prior Foreign Application(s) 

ftmxmfrnmM 

2000-073922 Japan 

(Number) (Country) 
<#-§■) (a*) 



(Number) (Country) 
(#*) (S*) 

fltt, 13 5|B*:Hfeftl 1 9* (e) :f dg^TTfB©* 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or 365(a) of any PCT international 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date before 
that of the application on which priority is claimed. 

Priority Not Claimed 

13/ March/ 2000 r— i 

(Day/Month/Year Filed) 

(tt,P¥£r3) 



(Day/Month/Year Filed) <— 1 

imm^n h ) 

I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) (Filing Date) 

(ffl*#*) (BIB) 

Tm<D*M'?mm3 sn 2 o^rik^ttib©* 

t6**#b3 6 5* (c) fcS-f <ltfU^rr(c:^^Lt-f„ 4 

m i mx \s.wvfW,t) m$ xm.fe a tvttmx&n -rz> *h # 
ffmm\m^i£ivx^t£^m 9 . *<ojfefT*Hwe*»w a 

x<DMffl<pi~^&ivfr, mnmwm^w, 3 7*11*5 6^ 



(Application No.) (Filing Date) 

(ttJJK#-f) (ttiHH) 



(Application No.) (Filing Date) 

(fflUft-^-) (tHSH) 

1 8S1L0 0 l^CIft, MffcttWi, %U<tt^ 

<titsut. 



(Application No.) (Filing Date) 

(Wjk#-^) (fflia) 

I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365(c) of any 
PCT international application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56 which became available between the filing date of the 
prior application and the national or PCT international filing date of 
application. 



(Status: Patented, Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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t & *w fp mm m k m u x mn ■+ a #a± * fc »ft a a 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this application 
and transact all business in the Patent and Trademark Office 
connected therewith {list name and registration number) 

Donald R. Antonelli, Reg. No. 20,296; David T. Terry, Reg. No. 
20,178; Melvin Kraus, Reg. No. 22,466; William I. Solomon, Reg. 
No. 28,565; Gregory E. Montone, Reg. No. 28,141; Ronald J. 
Shore, Reg. No. 28,577; Donald E. Stout, Reg. No. 26,422; Alan E. 
Schiavelli, Reg. No. 32,087; James N. Dresser, Reg. No. 22,973 
and Carl I. Brundidge, Reg. No. 29,621 



Send Correspondence to: 
Antonelli, Terry, Stout & Kraus, LLP 
Suite 1800 

1 300 North Seventeenth Street 
Arlington, Virginia 22209 



ffigfflSiif&ite : (%>wiRUW,W;%r-%-) Direct Telephone Calls to: (name and telephone number) 

Telephone: (703) 31 2-6600 
Fax: (703) 312-6666 



"t-4fc«*-3B!l!#* 




Full name of sole or first inventor 

Takuya MATSUMOTO 






In^gssJna^^^^^Date <f/C^ 0 Oc 


\m 




Residence 

Hachioji, Japan 


mm 




Citizenship 
Japan 


mmm 




Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1 , Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 



(H— &.W<D^n%m^\^^X "Ll^tli'tEicL, (Supply similar information and signature for second and 

subsequent joint inventors.) 
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Full name of second joint inventor, if any 

Takeshi SHIMANO 








Second inventor's signature Date - , 




mm 




Residence 

Tokorozawa, Japan 




mm 




Citizenship 

Japan 








Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1 , Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 1 00-8220, Japan 








Full name of third joint inventor, if any 

Sumio HOSAKA 










o 


mm 




' Residence 

Hinode, Japan 




mm 




Citizenship 

Japan 


Si 

01 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1 , Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 








Full name of fourth joint inventor, if any 

FumiolSSHIKI 


b 






Fourth inventor's signature * Date , Q 


: t. 


mm 




Residence 

Kokubunji, Japan 


m 


gHH Citizenship 

Japan 


O 






Post Office Address 

c/o Hitachi, Ltd., intellectual Property Group 
New Marunouchi Bldg. 5-1 , Marunouchi 1 -chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 




SS31*IBI«fH#45 




Full name of fifth joint inventor, if any 








Fifth inventor's signature Date 








Residence 








Citizenship 








Post Office Address 
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